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This facility consists of a sodium loop, three inert-gas gloveboxes, inert-gas purification and recirculation systems, and associated mechanical and electronic equipment. Although facility development efforts have been completed and several hundred capsules of various configurations have been loaded, improvements are being made continually.
An important feature of the facility is that the contaminated fuel loading glovebox is physically separated from the uncontaianated sodium loading and welding gloveboxes. This sllows use of the sodium and welding gloveboxes for a variety of tasks that do not involve plutonium, without requiring decontamination of materials or equipment leaving these boxes.
A variety of experiments are prepared in the facility. These include fuel pins for irradiation in EBR-II and in a local thermal reactor, and capsules for fuel-cladding compatibility studies, for carbon and fission product transport studies, and for solubility determinations of uranium and plutonium in sodium. High-purity sodium for these experiments is supplied from a cold-trapped, forcedconvection loop maintained at an oxygen level <. 2 ppm. Sodiira from this loop is introduced into an inert gas glevebox where the sodiuE either is cast into billets and extruded into rod prior to encapsulation, or is added to capsules as a liquid. Handling and transfer operations add £ to 14 ppm oxygen to the supply sodium.
Plutonium-containing fuel is inspected and is loaded into pins or capsules within the fuel loading glovebox. A partition inside the box provides a clean volume in which the capsules or pins are handled, separate from the larger contaminated volume in which the bare fuel pellets are loaded, transfer of capsules containing fuel, sodium, or both between the fuel bcx and the sodium-box weldingbox train is made in sealed, inert-gas-atmosphere car.;, fastened to the floors of all boxes.
II. EQUIPMENT

A. General
The room that contains the loading facility has a separate air supply system, and air is exhausted The inert-gas repurification unit has satisfactorily maintained total impurities below 10 ppm. Table I is a compilation of data obtained with a mass spec- The extrusion press is designed for operation at a load of 0 to 40C0 psi at a ram speed of 0 to 0.5 in./min. The hydraulic lines and all possible components are located outside the glovebox for ease of maintenance. The extrusion press is sealed to the box with a double "O"-ring seal; the space between the "0" rings i.> evacuated and backflushed with inert gas when the gloves are evacuated and backflushed. Figure 12 shows the hydraulic flow diagram of the components external to the glovebox. Sodium extrusions of 0.240 in. diam are normally run at a constant ram pressure of 1000 psi and constant ram speed of 0.1 in./rain through a shear die having a 5° relief. Rod straightness has not been a problem. As can be seen from Fig. 13 , a runout slide is located adjacent to the extrusion die and a Teflon runout table is used.
I".VACUUM LINES BLUE-GAS LINES
VACUUM AND INERT GAS SYSTEM FOR FUEL LOADING GLOVE BOX
The most satisfactory method that has been found for shearing the sodium rods to length is using a notched pair of scissors. The sodium is so sticky at these purity levels that handling is difficult; plastic-tipped tweezers are used for all handling operations. Figure 14 is a drawing of the piping arrangement of the inert gas and vacuum systems for both the sodium loading box and the closure welding box. During norm?! operations, the atmosphere in the sodium loading box and closure welding box is controlled at a positive pressure of 0.25 to 0.50 in. of water and is controlled through the use of Meletron pressure switches with stainless steel belxows. The box atmosphere normally contains less than 10 ppm total impurities and is monitored by periodically withdrawing gas samples from the boxes and analyzing them with a CEC Model 21-620 mass spectrometer. These mass spectrometer data are summarized in Table  III 
VACUUM AND INERT GAS SYSTEM FOR SODIUM AND WELDING HIGH VACUUM CHAMBERS
C-AS PURIFICATION ANO RECIRCULATINO SYSTEM
Fig. 14. Vacuum and inert gas system for sodium and welding high vacuum chambers. equipment used is a Vickers TIG-50 solid-state, convection-cooled welder with remote or manual current control of 0.5 to SO A dc and controlled high frequency. For higher current requirements, a 7 to 300 A, P 5 H heliarc welder is used. The fixture speed is controllable in the range of 2 to 6 rpm. In the majority of the closure welds the weld fixture is used with copper chill blocks and the torch is hand-held for ease of operation.
F. Sodium Bonding Equipment
For short test capsules, sodium bonding is accomplished in a resistance furnace set in an open hoed (Fig. 161 connected to the plutonium exhaust system. For these capsules a two-step process is used. The first step is to heat the capsule to 60C°C for 1 '. to ensure "wetting" of all surfaces. The second step in the bonding process utilizes an Fig. 13 . View of interior of closure welding box ultrasonic transducer silver-soldered to a nickel showing the welding fixture. so it would seat in the bottom of the capsule and by calculating the large diameter.
3
Because the Curie temperature of nickel is 358°C, the temperature of the second step in the bonding process has beem limited to 300°C. Where no holddown spring is used and the capsule is short, the capsule is put in a laboratory centrifuge during cooling.
For the long EBR-II irradiation test capsules, a special centrifuge has been constructed. This is shown in Fig. 17 . Attempts to bond these elements without centrifugation were generally unsatisfactory; after several heat treatments most capsules still exhibited defects in the bonds. The centrifuge not only eliminates bubbles from the sodium bonds, but also provides directional cooling to prevent shrinkage voids from forming during freezing of the sodium. Fuel chips can also be removed from the sodium bond and deposited at the bottom of the capsule by centrifugation.
III. LOADING PROCEDURE
The path followed by the fuvl through the loading and bonding facilities is shown in Fig. IS .
Transfer of fuel from the LASL fabrication facility and between the two gloveboxes in the loading facility is accomplished in special transfer cans.
These cans are designed to provide both a method of transferring fuel from a fabrication glovebox to a loading glovebox without either alpha or sir contamination problems and also to provide a leaktigh;:
transfer can maintainable at a 2 r. 10"^ Torr level. and capsule wall. The requirements of the sodium bond are that, the fuel pellets and the capsule wall be bonded or "wetted" with sodium and thero be no voids in the sodium. Two different procedures are used, depending on the capsule length.
Short test capsules are heated to 60G°C for 1 i, in a resistance furnace to ensure "wetting" of all surfaces. The capsules are then placed ir a laboratory centrifuge and centrifuged during cooling to room temperature. Each capsule is then heated to 300°C for 1 h with an ultrasonic transducer operating against the bottom. Final cooling is again performed while the capsule is centrifuged.
Long (36 in.) EBR-II capsules are bonded in a separate facility, but the procedure is similar. The difference in fuel stack height of approximately 1 in. in short capsules to 14-1/2 in. in the EBR-II test capsules required a modified procedure. The problem in the longer capsules is to freeze a long tube of sodium 14-1/2 in. long that varies in thickness from 0 to 0.020 in. and an outside diameter of 0.300 in. with no defects such as bubbles or voids in the sodium. In addition, any chips that have come off the corners of the fuel pellets must be moved to the bottom of the capsule. After a considerable development effort, the following procedure is used to eliminate all defects in the sodium bond within the nondestructive test limit of 0.020 in.
(a) Heat the fuel element in the centrifuge and centrifuge per Table IV. (b) Heat capsules from the top down to 600°C and hold for 1 h.
(c) Heat capsule from the top down and repeat Step 1. The following tests are done on the capsules:
(a) Radiography to determine fuel position, sodium level, voids in the sodium bond, and weld (b) Eddy-current and ultrasonic tests to determine cladding defects, voids in the sodium bond, and shrinkage voids.
(c) Helium leak checks to determine weld integrity.
(d) Visual inspection.
(e) Measurements of fuel, cladding, and capsule to determine diametral and axial dimensions and warpage.
An eddy-current inspection is used primarily to detect voids in the sodium. Two axially positioned eddy-current coils are placed near the rotating capsule. The coils are connected differentially so that a zero output signal is received when they sample areas of equal conductance. Calculations based on the conductivities of the capsule materials indicate that a frequency of about 250 Hz should be .sensitive to defects in the sodium bonds. This systen was tested utilizing a brass tube with various size holes drilled in it. This tube was inserted in a 0.010-in.-thick stainless steel tube. The test indicated that a 0.020-in.-diam hole could be detected and this standard is run just prior to each capsule test.
In addition to the above sensitivity checks on equipment, capsules that tests showed had voids and "nonwet" areas were destructively inspected by stripping off the cladding and observing the bond area. All "nonwet" areas and void indications are verified in this manner. Capsules that nondestructive tests indicated had no defects also were stripped and iv. no case were any defects found.
